Chemotherapy for ovarian cancer is usually administered by medical oncologists (MOs) or gynecologic oncologists (GOs). GOs perform a broad spectrum of surgical and medical activities while managing a limited number of diseases; MOs specialize in the administration of chemotherapy but manage a broad array of diseases. We asked whether survival, treatment, and toxicity differed according to the type of specialist providing the chemotherapy after surgery.
INTRODUCTION
Several studies suggest that survival from ovarian cancer is improved if surgery is performed by a gynecologic oncologist (GO). [1] [2] [3] [4] It is not known whether the specialty of the physician administering chemotherapy for ovarian cancer also affects toxicity and survival.
In ovarian cancer, because of the inherent differences in the training and clinical activities of GOs and medical oncologists (MOs), there is an a priori reason to believe that MOs and GOs administer chemotherapy to similar ovarian cancer patients in dissimilar ways. MOs receive 2 to 3 years of residency training in internal medicine before they enter a 3-year fellowship that teaches them how to administer chemotherapy and manage the adverse effects of cancer treatment. 5 Much of their practice involves administering chemotherapy and treating the subsequent, inevitable, adverse effects of such therapy. Although MOs often specialize in certain types of cancers, they generally care for a wide variety of cancer types. 5 GOs, however, must complete a 4-year residency training in obstetrics and gynecology, followed by a 3-to 4-year fellowship in gynecologic oncology, where they learn specific operative techniques for the surgical management of gynecologic cancers. 6 The majority of a GO's practice is devoted to the management of cancers of the ovary, uterus, and cervix. In this capacity, GOs divide their time between performing surgery and administering chemotherapy. Thus, the GO has a more limited exposure to the administration of chemotherapy, giving only those chemotherapy regimens that are used for gynecologic cancers. One might suppose that because GOs spend much of their time operating, they might be less equipped to manage the complications of chemotherapy. However, GOs are more focused on the management of gynecologic cancers than are most MOs. We hypothesized that survival after surgery would be better in patients receiving chemotherapy from an MO compared with patients receiving chemotherapy from a GO, after adjustment for the surgeon type and relevant patient characteristics.
The question is not an easy one to study. We must adequately account for differences in the surgical care of the patient (before chemotherapy) and differences in the selection of patients undergoing chemotherapy. Because it is well known that ovarian cancer surgical techniques may vary between a GO, a general surgeon, and even a gynecologist, 3 it becomes clear that, before comparing survival after the start of chemotherapy, we will want to be sure that patient characteristics and their treatments before chemotherapy are nearly the same for both the GO and MO groups. However, even being sure that stage is comparable between MO and GO patients presents a challenge. Because GO surgeons may perform more extensive primary surgery, they may be more likely to assign a higher stage to their patients compared with patients operated on by general surgeons, 1,7-9 who often perform less extensive initial surgery. Because GOs are more likely to administer chemotherapy for a patient on whom they performed surgery, any analysis comparing chemotherapy effectiveness must compare patients with the same surgeon type as well as the same stage. We addressed this problem by matching as closely as possible each patient of a GO to a patient of an MO who received surgery from the same category of surgeon (GO, general surgeon, or gynecologist) and whohadthesamestage.EvenifstagingbyGOsisdifferentfromstagingby general surgeons, this does not bias our comparison of chemotherapeutic treatment by GOs and MOs because both patients in each matched pair received the same stage from the same category of surgeon.
PATIENTS AND METHODS

Patient Population
We obtained linked Surveillance, Epidemiology, and End Results (SEER) -Medicare claims for the years 1991 through 2001. Medicare files linked to SEER patients with a 94% match rate. 10 We then studied Medicare patients who were older than 65 years and had an ovarian cancer diagnosis between 1991 and 2001 in the SEER registries (n ϭ 11,680). We excluded patients when the diagnosis of ovarian cancer was only made on death certificate, leaving 11,430 patients. Women enrolled in a Medicare-HMO at baseline were excluded because complete treatment information was unavailable, leaving 9,180 patients. Of these women, we excluded those without surgery, leaving 6,346 patients. We also excluded 12 patients with stage 0 disease, leaving 6,334 patients. We excluded the SEER sites of Utah and San Jose (because of too few GO physicians) and Hawaii (because MO patients were too few compared with GO patients), leaving 5,588 patients. Of these, there were 3,523 patients with evidence of chemotherapy, of whom 2,903 had chemotherapy administered between 30 and 90 days from diagnosis (a requirement for identifying a dominant provider of chemotherapy as defined below). Of these 2,903 patients, there were 2,369 with MO or GO claims. Of these, we could determine an unambiguous dominant provider in 2,355 patients. Of the 2,355 patients, there were 344 who were provided chemotherapy by a GO, and the remaining 2,011 patients were provided chemotherapy by an MO. The metropolitan regions included in this study were Atlanta, Detroit, Los Angeles, San Francisco/Oakland, and Seattle/Puget Sound. The states were Connecticut, Iowa, and New Mexico.
We modeled comorbidity and severity using a pool of potential variables.
11-13 We coded 36 patient characteristics for use in developing a propensity score using International Classification of Diseases, ninth revision codes recorded 90 days before each patient's ovarian cancer diagnosis on the Medicare portion of the SEER-Medicare file. Stage and grade of each patient's tumor were defined through the SEER data set, as was date of diagnosis with resolution to the month.
Definitions
Chemotherapy. A patient was defined as having had chemotherapy if codes were present in the Medicare billing data that could identify this activity (Table 1) .
Defining the specialty of the surgeon. We defined the following three groups of surgical specialists from billing data in Medicare Part B: (1) surgery performed by a GO; (2) surgery performed by a gynecologist; and (3) surgery performed by a general surgeon or other surgical specialist. When multiple surgical specialists were involved with a single operative procedure, we classified the patient in group 1 as having been treated by the GO if there was a bill from a GO for surgical care. Otherwise, if there was a bill for surgical care from a gynecology specialist, the patient was classified in group 2.
Defining the dominant chemotherapy provider. We aimed to study a group of patients who unambiguously received chemotherapy by either an MO or GO specialist. We first identified all provider bills associated with a patient's care after diagnosis to a follow-up time of 3 months. We excluded all patients who did not have either a GO or MO administer chemotherapy in the second and third month after diagnosis. We used this time window because we wished to classify providers during a time when the initial and most important chemotherapy regimen was being established. We next determined the number of chemotherapy administrations by specialists for the first 3 chemotherapy administration days during the second and third months after diagnosis. We defined the dominant provider as that provider who was involved with administering all of the chemotherapy treatment that was delivered by either a GO or MO (note, Ͼ one provider could be associated with each treatment) and had the majority of chemotherapy bills among the GO and MO bills. Patients for whom the number of GO and MO administrations were tied (eg, if all chemotherapy was administered by both the GO and MO; n ϭ 2) or for whom there was no dominant provider (n ϭ 12) were excluded from the analysis to avoid ambiguity in assignment. Once assigned by our algorithm, using information up to the end of the third month from diagnosis, we retained patients in these assignments, whether later treatment was continually provided by the same specialist or not.
Statistical Methods: The Matching Algorithm
We first identified all patients who had GOs as their primary chemotherapy provider, and we then identified all patients who had MOs as their primary chemotherapy provider. This resulted in 344 patients treated with chemotherapy by a GO, and 2,011 patients treated by an MO. Using an optimal matching algorithm, [14] [15] [16] [17] [18] [19] [20] we matched the 344 GO-treated patients to 344 MO-treated patients using 36 baseline variables or covariates, including those listed in Tables 2 and 3 . The algorithm sought the closest possible matches on time interval, surgeon type, clinical stage, and black race; exact balance on SEER site within time interval (1991 to 1992, 1993 to 1996, or 1997 to 1999); and optimally close matches on key variables including tumor grade and an estimated propensity score 16 for treatment by a GO. We controlled SEER site by optimal balanced matching 14, 20 within each time interval, so the same number of GO and MO patients came from each SEER site in each time interval. As seen in Tables 2 and 3 , before matching, there were dramatic differences between GO and MO patients regarding surgeon type, SEER site, and year of diagnosis and noticeable differences in clinical stage, tumor grade, propensity score, and hypertension, but the matched groups are comparable.
Comparison of survival within matched pairs was based on the paired Prentice-Wilcoxon test, 21 the standard method for censored pairs. Survival plots depict the Kaplan-Meier estimates. 22 CIs and tests about the survival curves at individual years 1, 2, and 5 make use of the unpaired Kaplan-Meier curves. Weeks of chemotherapy and adverse events, in various time intervals, were compared using the Wilcoxon rank sum test, ignoring the pairing, which is known to be slightly conservative. 21 We also performed, but do not report here, analogous tests with broadly similar results, which retained the pairing using Wilcoxon's signed rank test; however, these have the awkward feature that they discard an entire pair when either patient in the pair is censored or dies. With binary responses, we report the 2 test for a 2 ϫ 2 table. Table 2 displays the balance of patients over time and across SEER site. Of interest, it seems that GOs are not equally distributed geographically. However, the matching algorithm has balanced these factors quite closely. Although not displayed in Table 2 , the SEER sites are not only balanced overall as seen in the table, but they are also balanced within each time interval. Table 3 describes how well the groups were balanced by provider and patient characteristics. Although very different before matching, the type of surgeon was almost exactly matched between GO and MO groups. There was one GO patient who received surgery from a GO who was matched to an MO patient who was operated on by a NOTE. There were no statistically significant differences between the GO and matched MO groups. Abbreviations: GO, gynecologic oncologist; MO, medical oncologist; SEER, Surveillance, Epidemiology, and End Results.
RESULTS
Results of Matching
‫ء‬
Matching algorithm used a propensity score with the following variables (or categories of variables): SEER sites; year of diagnosis; stage; grade; race; age; and the comorbidities of anemia, angina, arrhythmia, asthma, chronic obstructive pulmonary disease, coagulation disorder, diabetes, electrolyte abnormality, hepatic dysfunction, hypertension, hyperthyroidism, peripheral vascular disease, and rheumatoid arthritis. Variables used in the optimal matching procedure were stage, grade, race, year of diagnosis, propensity score, congestive heart failure, diabetes, weight loss, and specialty of surgeon. gynecology surgeon. Otherwise, all matched pairs had identical types of surgical providers. This matching was essential because staging has been known to vary by surgical specialty, with GO and gynecology surgeons staging similarly and general surgeons having been reported to perform less extensive node sampling. 3 Because we matched on the specialty of the surgeon, we knew that the stages we also matched on were determined by a surgeon with the same specialty. Although stage III may have a different meaning if staged by a GO rather than a general surgeon, within all but one matched pair, the stage for the GO patient and the matched MO patient came from the same type of surgeon, so differences in staging style across surgical specialty did not bias the comparison of GO versus MO chemotherapy treatment. There were 36 variables used in the propensity score and 30 variables used in the matching algorithms; some of these are listed in Table 3 . For each variable, we provide the rate in the GO group (n ϭ 344), the rate in the matched MO group (n ϭ 344), and the rate in the complete MO group (n ϭ 2,011), reflecting the initial pool of MO patients from which the MO patients were drawn. Before matching, the patients of GOs, compared with patients of MOs, were more likely to have stage II or III disease rather than stage IV, were more likely to have grade 3 tumors, were substantially more likely to be black, and had more hypertension and diabetes at diagnosis but less congestive heart failure. In contrast, the matched samples look quite similar. In particular, the substantial difference in the propensity score (reflecting the propensity to be a GO-treated patient as a function of all 36 variables) before matching is greatly reduced.
We also asked whether time delay from surgery to initiation of first postoperative chemotherapy was different between the GO and MO groups. The mean time from surgery to postoperative chemotherapy was 30.7 days for the MO group and 25.8 days for the GO group; this difference of 4.9 days was statistically significant (P Ͻ .0001). This may reflect the fact that a GO who provides chemotherapy may also have been the patient's surgeon. Figure 1 displays the Kaplan-Meier survival plot for the GO and MO groups. As can be seen, survival is almost identical across groups. Table 4 compares survival statistics between groups. The median overall survival time was 3.04 years for the GO group and 2.98 years for the MO group (P ϭ .45). The 2-year survival rate was 65% for the GO group and 67% for the MO group (P ϭ .27). The 5-year survival rate was 35% for the GO group and 34% for the MO group (P ϭ .38).
Comparing Survival Across Chemotherapy Providers
Comparing Treatment Style
We first studied the number of weeks over which chemotherapy was administered (Table 4) . Over the first 5 years, MO patients received more weeks with chemotherapy than GO patients (patient mean, 16.5 v 12.1 weeks, respectively; P Ͻ .0023). This increased treatment was true for the first year and for years 2 to 5. We further asked how many weeks each group experienced some chemotherapyassociated adverse events. These events are defined in Table 1 . Again, GO patients had fewer weeks that included chemotherapy-associated adverse events than MO patients (patient mean, 8.9 v 16.2 weeks, respectively; P Ͻ .0001). This was also true for year 1 and for years 2 to 5 analyzed separately.
MO patients received chemotherapy in years 2 to 5 at approximately the same rate as GO patients (56.4% v 52.9%, respectively; P ϭ .36). Of patients who received chemotherapy in years 2 to 5, MO patients had more weeks of chemotherapy than GO patients (mean weeks, 15.5 v 10.3 weeks, respectively; P ϭ .001). Of patients who received chemotherapy in years 2 to 5, MO patients also tended to develop adverse events at a higher rate than GO patients (64.2% v 58.7%, respectively; P ϭ .14), and of patients who received chemotherapy in postsurgical years 2 to 5, MO patients had more weeks with adverse events than GO patients (mean weeks, 14.9 v 9.0 weeks, respectively; P ϭ .001).
We asked whether MO or GO patients differed by the number of subsequent surgical procedures they underwent, after the initial surgery required to be eligible for analysis. There was no difference.
Finally, we re-estimated results in a subset of matched pairs with only stage III or IV disease ( Table 5 ). The results were very similar to those in Table 4 . We also studied patients with only stage I or II disease and found that the 5-year survival rate was nearly identical between the GO-and MO-treated groups (61.0% v 62.7%, respectively; P ϭ .85), and treatment differences showed similar trends but did not reach statistical significance (results not shown).
DISCUSSION
We found no difference in survival between patients receiving chemotherapy administered by a GO or an MO. Once matched for surgeon type and stage and numerous other initial factors, survival in both groups was virtually indistinguishable. Furthermore, we observed that MOs seem to treat patients more intensively than GOs. We found that the MO patients received more weeks of chemotherapy and had more weeks with chemotherapy-associated adverse events.
There were important limitations of this analysis. We did not have exact data on the extent of cytoreductive surgery performed by each surgeon, and although we did match on surgeon type, there may have been differences in surgical approach inside of surgeon type. Furthermore, we assigned chemotherapy provider (GO v MO) based on the billing at 3 months. Some patients initially treated by GOs may have switched care to MOs later in the course of their disease and, thus, may have been more intensely treated by MO providers than they GO  344  298  223  173  133  95  MO  344  301  230  172  128  88   1  2  3 Gynecologic oncologist Medical oncologist would have had they stayed with their initial GO provider; however, our measure would retain assignment to the GO group and assign all such treatment to the GO group. Despite this, we still found that GO patients received less treatment than MO patients. Other limitations may also stem from the use of billing data. It was possible that our measure of weeks of chemotherapy may not be a marker of treatment intensity if the weekly treatments used by one provider type consisted of less dosage or fewer agents per week than treatments used by another provider. Such a problem seems unlikely given the association between weeks of chemotherapy and chemotherapy-associated adverse events (Tables 4 and 5 ).
In light of our observations, one might argue that optimal care was observed when a patient received chemotherapy from a physician who specializes in the management of the patient's specific disease, rather than from a physician who concentrates on a particular clinical technique. In the case of ovarian cancer management, one could argue that the GOs may have better understood the course of a patient's disease and were, therefore, more able to treat women without undue morbidity or excess treatment. From the patient's perspective, these results raise the question of whether patients should choose physicians that train and practice in a more technique-specific or a more diseasespecific paradigm.
Armstrong et al 23 have recently shown promising results with intraperitoneal cisplatin and paclitaxel in stage III patients with no residual mass greater than 1 cm. Although the intraperitoneal treatment had more chemotherapy-associated adverse events than conventional intravenous treatment, there was a 15-month improvement in median overall survival time. In the future, there is no doubt that both MO and GO physicians will use this modality for some of their patients. There is also little doubt that variation in dose-intensity will also occur across providers. How this future variation will influence survival and quality of life remains to be seen.
During the era of treatment for our present analysis, there were equally important advances in chemotherapy treatment, such as the introduction of intravenous paclitaxel and platinum-based regimens, which improved median survival time in some trials by 14 months. 24 Nevertheless, we found that the extra training and experience in chemotherapy administration by MOs did not translate into improvements in survival. The combined mission of GO physicians, providing surgical and medical care, did not prove detrimental to the survival of their patients undergoing chemotherapy. Given the almost identical survival curves over the time period of this study, it would seem that approaches that minimized adverse effects may have been more desirable.
In the case of ovarian cancer, we studied variations in practice style that reflected the different training of physicians, GOs and MOs, while controlling for the prognostic category of their patients. In a closely matched group of patients, we observed substantial differences in treatment intensity and toxicity, with no difference in survival. Our study would suggest that the more intense use of chemotherapy by MOs did not yield improvement in survival. The reasons for this more intense treatment may be quite complex. It is possible that MOs, who are usually the providers of chemotherapy after surgery to patients operated on by a general surgeon, may have been overcompensating with chemotherapy on all their patients, even those operated on by surgeons who did more extensive staging surgery, such as GOs. Possibly, MOs believed in treatment intensity more than GOs. Alternatively, it may have been the case that GOs had better intuition regarding when to reduce intensity in favor of quality of life. As we move into another new era of ovarian cancer therapy using intraperitoneal chemotherapy, an awareness of each specialty's biases, beliefs, and understandings will be essential for maximizing quality of care and patient satisfaction. Abbreviations: GO, gynecologic oncologist; MO, medical oncologist.
AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
‫ء‬
Weeks with chemotherapy-associated adverse events was defined as any week that included the following diagnoses occurring as an inpatient or outpatient: anemia, neutropenia, thrombocytopenia, diarrhea, dehydration or mucositis, and neuropathy.
